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CLAIMS 



[Claim(s)] 

[Claim 1] Thermal-barrier-coating film characterized by consisting of a ceramic layer 
which is the cascade screen which it comes to prepare on a base material front face 
by carrying out sequential adhesion, and is rich in the high metal layer, the middle 
class who is precise and does not have oxygen conductivity, and thermal insulation 
nature of anticorrosion and oxidation resistance from a base material side. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the thermal-barrier-coating film 
especially applied in favor of turbine **, stationary blade, and combustor (the 
container liner, tail pipe) of a gas turbine about the thermal-barrier-coating film. 
[0002] 

[Description of the Prior Art] The thermal-barrier-coating film for gas turbine 
elevated-temperature components (a turbine bucket and a stationary blade, 
combustor) by the conventional technique has structure as shown in drawing 2 and 
drawing 3 . That is, as are shown in drawing 2 , and the laminating of the metal layer 2 
and the ceramic layer 4 is carried out to the base material 1 or it is shown in drawing 
3 , it is the multilayer structure by which the metal layer 2, the metal-ceramic 
mixolimnion 5, and the ceramic layer 4 were formed in the base material 1. The 
outermost layer consists of a ceramic layer 4 also in which thermal-barrier— coating 
film. 

[0003] In such thermal barrier coating, the metal layer 2 is for mainly making small the 
difference of the coefficient of thermal expansion of a base material 1 , the ceramic 
layer 4, or the base material 1 and the metal ceramic mixolimnion 5, and this aiming at 
relaxation of thermal stress, and preventing exfoliation of the ceramic layer 4. 
Moreover, the role rate of the metal layer 2 is aimed at much more positively also 
about the metal-ceramic mixolimnion 5. In addition, generally the MCrAlY alloy system 
(element more than kinds, such as M:nickel, and Co, Fe) excellent in the anticorrosion 
and the oxidation resistance in an elevated temperature is used for this metal layer 2. 



Moreover, for the purpose of thermal insulation, thermal conductivity is low and the 
ceramic layer 4 is Zr02 with high emissivity. System ceramics (Zr02, MgO, Zr02, Y2 
03, etc.) is mainly used. 
[0004]; 

[Problem(s) to be Solved by the Invention] As for the gas turbine, 
elevated-temperature-ization of a turbine inlet gas temperature is progressing in 
recent years for efficient-izing. In connection with this, since the 
thermal-barrier-coating film is very effective in metal-temperature reduction of the 
elevated-temperature components of a gas turbine, also in gas turbine 
elevated-temperature components, it is applied to the turbine stationary blade severe 
in a service condition and combustor tail pipe other than a combustor container liner, 
and application to those with **** and a turbine bucket with a service condition 
severe further more is expected. 

[0005] As a damage gestalt of thermal barrier coating, the differential thermal 
expansion of the configuration layer of** thermal barrier coating, and a base material, 
Exfoliation of the ceramic layer by the thermal stress resulting from a temperature 
gradient and ** metal layer are oxygen (generally a ceramic layer is porous). It 
expands by oxidation resulting from being exposed to an elevated temperature under 
the oxygen existence which has passed this. There are corrosion of exfoliation near 
the ceramic layer of a metal layer, the metal layer by ** corrosive components (S, Na, 
V, etc.), and a ceramic layer and consumption of the ceramic layer by the erosion 
resulting from ** coming-flying particle. The damage gestalt of the thermal barrier 
coating from which the thermal load which thermal barrier coating receives becomes 
high much more, and poses a problem most with elevated-temperature-izing of a 
turbine inlet gas temperature is above-mentioned **. although the metal layer 
excellent in oxidation resistance is used, in order that [ namely, ] it may be exposed 
more to an elevated temperature under oxygen existence and a metal layer may 
oxidize — this — exfoliation of a ceramic layer — a ream — the life of ** and thermal 
barrier coating — short — **** — flume ****** arises. 

[0006] This invention tends to offer the thermahbarrier-coating film which solves this 

problem in view of an above-mentioned situation. 

[0007] 

[Means for Solving the Problem] This invention is a cascade screen which it comes to 
prepare on a base material front face by carrying out sequential adhesion, and it is the 
thermal-barrier-coating film characterized by consisting of a ceramic layer which is 
rich in anticorrosion, an oxidation-resistant high metal layer, the middle class that is 



precise and does not have oxygen conductivity, and thermal insulation nature from a 
base material side. 

[0008] In this invention as a high metal layer of anticorrosion and oxidation resistance 
MCrAlY (element more than kinds, such as Y:nickel, and Co, Fe) It is precise and a 
coefficient of thermal expansion is the middle thing of said metal layer and the 
ceramic layer which is rich in the after-mentioned thermal insulation nature as an 
interlayer without oxygen conductivity. MgO, CaO, Ce02, and aluminum 203 etc. — 
moreover — as the ceramic layer which is rich in thermal insulation nature — Zr02, 
MgO, Zr02 and Y2 03, Zr02, and Ce02 etc. — Zr02 The system ceramics is used. 
[0009] 

[Function] Since the interlayer who prevents invasion of oxygen exists in the middle, a 
metal layer does not oxidize, and exfoliation of the ceramic layer of the outermost 
layer does not produce the thermahbarrier-coating film of this invention, but the life 
of the thermal-barriei^coating film becomes long, 
[0010] 

[Example] Drawing 1 R> 1 explains one example of the thermahbarrier-coating film of 
this invention. As shown in drawing 1 , it has the multilayer structure by which the 
laminating of the high metal layer 2 of anticorrosion and oxidation resistance, the 
interlayer 3 who prevents invasion of oxygen, and the ceramic layer 4 with a thermal 
insulation property high as an outermost layer was carried out in order on the base 
material 1. 

[0011] In the thermal-spraying material for the metal layers 2, it is ZrO 2-8Y203 to 
the thermal-spraying material for ceramic layer 4 about GoNiCrAlY 
(Go-32nickel-21Cr-3aluminum-0.5Y). It used and MgO or aluminum 203 was used for 
the thermal-spraying material or coating material for middle class 3. 
[0012] Four kinds of test specimens shown in Table 1 were produced using 
above-mentioned thermal-spraying material or an above-mentioned coating material. 
First sample It is aluminum 203 about the front face of the heat-resistant alloy (Co 
radical alloy: 30x50x3mmt) which is a base material 1 in No.1. Grid blast processing 
was performed with the grain and the heat-resistant-alloy front face was changed 
into the condition of having been suitable for the plasma metal spray. Next, thermal 
spraying of the high metal layer of anticorrosion and oxidation resistance was carried 
out by the low voltage plasma metal spray method. Moreover, the middle class was 
coated with electron beam physical vapor deposition, and thermal spraying of the 
ceramic layer was carried out to the last by the atmospheric-air plasma metal spray 
approach. Sample Except for having carried out thermal spraying of the interlayer by 



the low voltage plasma metal spray method in No.2 The test specimen was produced 
in the same way as No.1. Sample Except for having changed an interlayer's quality of 
the material in No.3 The test specimen was produced in the same way as No.1. Sample 
No.4 are the conventional thermal barrier coating and they were produced in the way 
same as comparison material as No,1. To the last, it is a sample. In order to raise the 
bond strength of the thermal barrier coating of No.1- No.4, 1000 degree-Cx 2 hours 
(heat treatment among a vacuum) were carried out as diffusion heat treatment 
[0013] The oxidation test by heating (1050 degree-Cx 300 hours) among an 
atmospheric electricity furnace was carried out using the above-mentioned test 
specimen. It gazed at the cross-section microstructure after heating, and the 
oxidation resistance of a metal layer was evaluated. Next, the thermal cycling test 
(repetition between 950 degrees C and 200 degrees C) was carried out about front 
[ heating] material and the material after heating (1050 degree-Cx 300 hours) among 
an atmospheric electricity furnace. The number of heat cycles until exfoliation of a 
thermal-barrier-coating layer arises by the thermal cycling test estimated peeling 
resistance. These test results are shown in Table 2. 

[0014] From Table 2, as compared with it of the former [ film / of this invention / 

thermal-barrier-coating], there is little oxidation of a metal layer, and, for this reason, 

there were many numbers of cycles to exfoliation by the thermal cycling test of 

heating material, and the effectiveness of the thermal-barrier-coating film of this 

invention was proved. 

[0015] 

[Table 1] 

No translation 

* APS Atmospheric-air plasma metal spray method LPPS Low voltage plasma metal 

spray method EB-PVD Electron beam physical vapor deposition [0016] 

[Table 2] 

No translation 

[0017] 

[Effect of the Invention] Since an interlayer is prepared between a ceramic layer and a 
metal layer and passage of oxygen is prevented by this interlayer, it is hard to produce 
oxidization of a metal layer, and the life of thermal-barrier-coating film of this 
invention of the thermahbarriei^coating film improves. Therefore, a severe operating 



environment with more high inlet gas temperature or the gas turbine 
elevated-temperature components (turbine ** and a stationary blade, a combustor 
container liner and a tail pipe) which are equal to more nearly prolonged use can be 
offered by applying the thermal-barrier-coating film by this invention to a gas turbine. 

TECHNICAL HELD 



[Industrial Application] This invention relates to the thermal-barrier-coating film 
especially applied in favor of turbine **, stationary blade, and combustor (the 
container liner, tail pipe) of a gas turbine about the thermal-barrier-coating film. 

PRIOR ART 



[Description of the Prior Art] The thermal-barrier-coating film for gas turbine 
elevated-temperature components (a turbine bucket and a stationary blade, 
combustor) by the conventional technique has structure as shown in drawing 2 and 
drawing 3 . That is, as are shown in drawing 2 , and the laminating of the metal layer 2 
and the ceramic layer 4 is carried out to the base material 1 or it is shown in drawing 
3 , it is the multilayer structure by which the metal layer 2, the metal-ceramic 
mixolimnion 5, and the ceramic layer 4 were formed in the base material 1. The 
outermost layer consists of a ceramic layer 4 also in which thermal-barrier-coating 
film. 

[0003] In such thermal barrier coating, the metal layer 2 is for mainly making small the 
difference of the coefficient of thermal expansion of a base material 1, the ceramic 
layer 4, or the base material 1 and the metal ceramic mixolimnion 5, and this aiming at 
relaxation of thermal stress, and preventing exfoliation of the ceramic layer 4. 
Moreover, the role rate of the metal layer 2 is aimed at much more positively also 
about the metal-ceramic mixolimnion 5. In addition, generally the MCrAlY alloy system 
(element more than kinds, such as M:nickel, and Co, Fe) excellent in the anticorrosion 
and the oxidation resistance in an elevated temperature is used for this metal layer 2. 
Moreover, for the purpose of thermal insulation, thermal conductivity is low and the 
ceramic layer 4 is Zr02 with high emissivity. System ceramics (Zr02, MgO, Zr02, Y2 
03, etc.) is mainly used. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since an interlayer is prepared between a ceramic layer and a 
metal layer and passage of oxygen is prevented by this interlayer, it is hard to produce 
oxidization of a metal layer, and the life of thermal-barrier-coating film of this 
invention of the thermal-barrier-coating film improves. Therefore, a severe operating 
environment with more high inlet gas temperature or the gas turbine 
elevated-temperature components (turbine ** and a stationary blade, a combustor 
container liner and a tail pipe) which are equal to more nearly prolonged use can be 
offered by applying the thermal-barrier-coating film by this invention to a gas turbine. 

EFFECT OF THE INVENTION 



[Effect of the Invention] Since an interlayer is prepared between a ceramic layer and a 
metal layer and passage of oxygen is prevented by this interlayer, it is hard to produce 
oxidization of a metal layer, and the life of thermal-barrier-coating film of this 
invention of the thermal-barrier-coating film improves. Therefore, a severe operating 
environment with more high inlet gas temperature or the gas turbine 
elevated-temperature components (turbine ** and a stationary blade, a combustor 
container liner and a tail pipe) which are equal to more nearly prolonged use can be 
offered by applying the thermal-barrier-coating film by this invention to a gas turbine. 

OPERATION 



[Function] Since the interlayer who prevents invasion of oxygen exists in the middle, a 
metal layer does not oxidize, and exfoliation of the ceramic layer of the outermost 
layer does not produce the thermal-barrier-coating film of this invention, but the life 
of the thermal-barrier-coating film becomes long. 

EXAMPLE 



[Example] Drawing 1 R> 1 explains one example of the thermal-barrier-coating film of 
this invention. As shown in drawing 1 , it has the multilayer structure by which the 
laminating of the high metal layer 2 of anticorrosion and oxidation resistance, the 
interlayer 3 who prevents invasion of oxygen, and the ceramic layer 4 with a thermal 
insulation property high as an outermost layer was carried out in order on the base 
material 1. 

[0011] In the thermal-spraying material for the metal layers 2, it is ZrO 2-8Y203 to 



the thermal-spraying material for ceramic layer 4 about CoNiCrAlY 
(Co-32nickel-21Cr-3aluminum-0.5Y). It used and MgO or aluminum 203 was used for 
the thermal-spraying material or coating material for middle class 3. 
[0012] Four kinds of test - specimens shown in Table 1 were produced using 
above-mentioned thermal-spraying material or an above-mentioned coating material. 
First sample It is aluminum 203 about the front face of the heat-resistant alloy (Co 
radical alloy: 30x50x3mmt) which is a base material 1 in No.1. Grid blast processing 
was performed with the grain and the heat-resistant-alloy front face was changed 
into the condition of having been suitable for the plasma metal spray. Next, thermal 
spraying of the high metal layer of anticorrosion and oxidation resistance was carried 
out by the low voltage plasma metal spray method. Moreover, the middle class was 
coated with electron beam physical vapor deposition, and thermal spraying of the 
ceramic layer was carried out to the last by the atmospheric-air plasma metal spray 
approach. Sample Except for having carried out thermal spraying of the interlayer by 
the low voltage plasma metal spray method in No.2 The test specimen was produced 
in the same way as No.1. Sample Except for having changed an interlayer's quality of 
the material in No.3 The test specimen was produced in the same way as No.1. Sample 
No.4 are the. conventional thermal barrier coating and they were produced in the way 
same as comparison material as No.1. To the last, it is a sample. In order to raise the 
bond strength of the thermal barrier coating of No.1- No.4, 1000 degree-Ox 2 hours 
(heat treatment among a vacuum) were carried out as diffusion heat treatment. 
[0013] The oxidation test by heating (1050 degree-Ox 300 hours) among an 
atmospheric electricity furnace was carried out using the above-mentioned test 
specimen. It gazed at the cross-section microstructure after heating, and the 
oxidation resistance of a metal layer was evaluated. Next, the thermal cycling test 
(repetition between 950 degrees 0 and 200 degrees 0) was carried out about front 
[ heating ] material and the material after heating (1050 degree-Ox 300 hours) among 
an atmospheric electricity furnace. The number of heat cycles until exfoliation of a 
thermal-barrier-coating layer arises by the thermal cycling test estimated peeling 
resistance. These test results are shown in Table 2. 

[0014] From Table 2, as compared with it of the former [ film / of this invention / 
thermal-barrier-coating ], there is little oxidation of a metal layer, and, for this reason, 
there were many numbers of cycles to exfoliation by the thermal cycling test of 
heating material, and the effectiveness of the thermal-barrier-coating film of this 
invention was proved. 
[0015] 



[Table 1] 

No translation 

* APS Atmospheric-air plasma metal spray method LPPS Low voltage plasma metal 

spray method EB-PVD Electron beam physical vapor deposition [0016] 

[Table 2] 

No translation 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanation sectional view of the thermal-barrier-coating film of one 
example of this invention. 

[Drawing 2] The conventional thermahbarrier-coating film is an explanation sectional 
view [ like ] 1 voice. 

[Drawing 3] The explanation sectional view of other modes of the conventional 
thermal-barrier-coating film. 



DRAWINGS 
No translation 
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